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bstract
Presently, there is increased attention and focus on heavy metals, which are becoming one of the most serious environmental
roblems due to their adverse health effects. These toxic heavy metals are not easily degraded and require removal from polluted
ater to protect people and the environment. The purpose of this work was to prepare two types of dithiocarbamate ligands, one
liphatic (diethyldithiocarbamate) and the other aromatic (diphenyldithiocarbamate), and to use them as chelators to remove Pb, Cd,
u and Zn from polluted water. Dithiocarbamates were selected because they have good binding ability and can precipitate metal
ons as complexes. The metal removal efficiency is compared between both ligands and also compared to the efficiency of activated
arbon in an adsorption process to remove the same metals. The investigation results indicated that the diphenyldithiocarbamate
igand was more efficient in removing the studied metals than the diethyldithiocarbamate analogues. Additionally, the metal removal
fficiency of the diphenyldithiocarbamate ligand was more effective than using the activated carbon method.
 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Taibah University. This is an open access article under
he CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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metals. These metals occur globally through anthro-
pogenic activities [1–3] and are discharged into the
environment directly or indirectly, reaching the air,
water and food sources. These discharged metals are
not biodegradable and may undergo transformations that
have large environmental, public health, and economic
impacts [4–6]. Additionally, most toxic heavy metals
tend to accumulate in the vital organs of living orga-
nisms or plants [7,8]. The pollutants of concern in thisbehalf of Taibah University. This is an open access article under the
investigation include lead, cadmium, copper and zinc.
These metals have a number of applications in common
consumer products and basic engineering works, paper
and pulp industries, leather tanning, plastic stabilizers,
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         (a)                                                (b) Scheme 1. The dithiocarbamate (a–c) and thioureide (d) tautomers.
photographic materials, fertilizers, pigments, batteries,
etc. Moreover, cadmium and lead are known to have
toxicological effects and to have a negative impact on
the health of humans and living organisms [9–11]. Zinc
and copper are relatively non-toxic to humans and ani-
mals at low doses. They are necessary for the proper
functioning of living organisms and are involved in the
metabolism of proteins and carbohydrates. However,
exposure to high doses can be harmful and can cause
many adverse health effects and damage to many bio-
chemical processes [12,13].
These toxic heavy metals should be removed from
polluted water to protect people and the environment.
Different techniques have been used for the removal of
dissolved and suspended heavy metals from polluted
water. These include chemical precipitation–filtration,
ion exchange, reverse osmosis, oxidation–reduction,
solvent extraction, adsorption, cementation, plant leaf
extraction, electrochemical treatment technologies and
membrane separation [4,14–19].
Finding new ways to remove heavy metals from
water is one of the most important fields of the mod-
ern scientific research race. Dithiocarbamate ligands
are one of the most fertile research materials in this
field. Dithiocarbamate ligands are a type of dithio-
late ligands, which comprise a number of mono- and
di-negative charge ligand groups [20]. Scheme 1 demon-
strates the dithiocarbamate (a, b, and c) and dithioureide
(d) tautomeric forms. They have versatile binding abil-
ities and form complexes with most transition metals
[21–23].
Dithiocarbamates have received increasing attention
in recent years because they have important applications
in industry, agriculture and medical preparations. They
are used in several pharmaceutical areas as fungicides,
bactericides, insecticides, algaecides and NO-trapping
agents [24–26]. They are used as effective antidotes
for cadmium intoxication [19]. Apart from their use in
material science, they are also used as linkers for the
improvement of electron transfer properties in molecular
wire junctions [27]. In addition, they have been used as
corrosion inhibitors [28], additives to improve the qual-
ity of lubricants [24], and vulcanization accelerators in
the rubber industry [29].Scheme 2. Structure of the dithiocarbamate ligands.
Many studies have successfully used dithiocarbamate
derivatives as ligands for the removal of some metal
ions from aqueous solutions [15,29–31]. Gaur et al.
successfully used a copolymer containing a dithiocar-
bamate moiety to efficiently remove some metal ions
from aqueous solutions [32].
The present study addresses the use of dithiocarba-
mate derivative ligands for the removal of selected heavy
metal ions (Cu, Cd, Pb and Zn) from polluted water.
Dithiocarbamates have a strong chelating ability towards
metal ions in various oxidation states due to the presence
of nitrogen and sulfur atoms in various hybridized states,
and they have an excellent ability to remove heavy metals
due to their tendency to share electrons between nitro-
gen, sulfur atoms and metal ions [31–34]. Additionally,
dithiocarbamates form insoluble stable coloured metal
complexes in water [29], which make them superior
ligands for the removal of heavy metals from polluted
water.
In this work, two types of dithiocarbamate lig-
ands were prepared: the first is an aliphatic compound
(diethyldithiocarbamate) (Scheme 2a), and the second
is an aromatic compound (diphenyldithiocarbamate)
(Scheme 2b). These ligands were used for the treatment
of polluted water containing different concentrations of
selected toxic heavy metals (Pb, Cd, Cu and Zn). The
removal efficiency of these metals using this method and
the activated carbon adsorption method to remove the
same metals were then compared. The advantages and
limitations of the application of these ligands were also
evaluated.
2.  Materials  and  methods
2.1.  Preparation  of  reaction  containers
In this study, 250-mL polyethylene containers were
used. The containers were treated with 1 M HNO3 for 3
days and washed with distilled water.
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.2.  Preparation  of  stock  solutions
All solutions (5 ppm) of lead, copper and zinc used in
he experiments were prepared by diluting 5–1000 mL
rom the reference solutions (1000 ppm) of lead, copper
nd zinc. The cadmium solution was prepared with a
oncentration of 4 ppm (due to the negative deviation of
ts solutions from Beer’s law after the concentration of
 ppm) by diluting 4–1000 mL from the reference cad-
ium solution (1000 ppm). The reference solutions were
vailable with accurate concentrations from the supplier
or the atomic absorption spectroscopy instrument.
.3.  Preparation  of  calibration  curves
We have prepared standard solutions with 1, 2, 3, 4,
, and 6 ppm concentrations for Pb, Cu and Zn by dilut-
ng 0.5, 1, 1.5, 2, 2.5, and 3 mL of the diluted 100 ppm
eference solutions using 50-mL volumetric flasks. For
admium, the 1, 2, 3, 4, and 5 ppm standard solutions
ere prepared by diluting 0.5, 1, 1.5, 2, and 2.5 mL of
he diluted 100 ppm cadmium reference solution using
0-mL volumetric flasks. This is due to the negative devi-
tion of cadmium solutions from Beer’s law after the
oncentration of 5 ppm.
.4.  Instrumentation
The concentrations of Pb, Cu, Cd and Zn were deter-
ined using a UNICAM 929 Model Flame Atomic
bsorption Spectrometer (AAS) equipped with an ATI
nicam hollow cathode lamp. A mixture of acetylene
s a fuel, air as an oxidizing agent and a Laminar flow
urner were used. The ratio of the metal to the ligand
as determined using a UV spectrophotometer (UNI-
AM UV2). For pH adjustment, we used a Metrohm pH
eter. The melting points of the prepared ligands were
easured using an A9100 Electrothermal series digital
elting point apparatus. IR spectra were recorded using
 Thermo Scientific Nicolet 6700 FT-IR Spectrometer
ith KBr pellets.
.5.  Chemicals
The chemical substances used in this study were
f high purity. Carbon disulfide (99.5%) was sup-
lied by Riedel-deHaen, and diethylamine (99%)
nd diphenylamine (99%) were obtained from Fluka.
etrahydrofuran (THF) (99.9%) and sodium hydride
60%) were obtained from ACROS, and sodium hydrox-
de (98%) was obtained from May & Baker. University for Science 11 (2017) 57–65 59
2.6.  Preparation  of  ligands
2.6.1.  Preparation  of  sodium
diethyldithiocarbamate  salt
Sodium diethyldithiocarbamate salt was prepared
according to the reported methods with some modifi-
cation [35,36]. A 0.05 M NaOH solution was prepared
by dissolving 2 g of NaOH in a minimum quantity of
distilled water and mixed with 5.19 mL (0.05 mol) of
diethylamine ((C2H5)2NH2) in a round-bottom flask.
The mixture was stirred for several minutes using a mag-
netic stirrer, and 3.5 mL (0.05 mol) of a carbon disulfide
(CS2) solution was added to the mixture dropwise until
a pale yellow colour appeared. The mixture was then
stirred for 2 h and heated to evaporate the as much water
as possible. The mixture was left to cool at room temper-
ature for 24 h, and yellowish-white crystals precipitated.
The precipitate was washed with a 3:1 mixture of diethyl
ether and ethanol and then air dried. The yield obtained
was 85%, and the melting point was 97 ◦C. The infrared
spectrum (IR) of the compound showed the characteristic
absorptions of the C-NR2 and CS stretching modes in the
range of 1500 and 980 cm−1, respectively. These obser-
vations are in line with those reported in the literature
[35].
NaOH +  (C2H5)2NH +  CS2
→  (C2H5)2NCS2Na +  H2O
2.6.2.  Preparation  of  sodium
diphenyldithiocarbamate  salt
Sodium diphenyldithiocarbamate salt was prepared
according to the reported method with slight mod-
ification [36]. A solution of 12.7 g (0.075 mol) of
diphenylamine (Ph2NH) and 1.80 g (0.075 mol) of NaH
in 10 mL of anhydrous THF was prepared with constant
stirring for 30 min using a magnetic stirrer. Then, a solu-
tion of 30 mL of CS2 was added dropwise to the above
mixture within an hour, and the reaction mixture was
left under stirring for 48 h; a pale yellow precipitate was
formed. The solvent was then evaporated, and the precip-
itate was collected and washed many times with diethyl
ether and left to dry for several days. The yield was 80%
with a melting point of 119 ◦C. The IR spectrum of the
compound showed the characteristic absorption of the
C-NR2 and CS stretching modes in the range of 1500
and 980 cm−1, respectively. These results are similar to
those reported in the literature [36].
NaH +  (C6H5)2NH +  CS2
→  (C6H5)2NCS2Na +  H2
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Table 1
pH values of solutions having highest metal removing efficiency.
Metal pH
Cd 7.30
0
0.02
0.04
0.06
0.08
0.1
0.12
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so
rb
an
cePb 11
Zn 11
Cu 8.50
2.7.  Determination  of  the  ligand-to-metal  ratio
In this study, we used ultraviolet spectroscopy for the
determination of the ligand-to-metal ratio via the molar
ratio method. The concentration of the metal was fixed
at 5 ppm in a solution at a pH with the highest efficiency
for removing each metal, as shown in Table 1, which was
considered as a blank sample.
The sample needed to be analysed when contain-
ing the metal at the same previous conditions plus the
ligand at ascending concentrations (1, 1.5, 2, 2.5, 5,
7.5, 10, 15, and 20 ppm). The absorption was measured
for each sample, and a graph of the ligand concentra-
tion versus absorption was plotted. The plotted graph
showed a direct correlation between the increase in con-
centration of the ligand and the absorption until the
absorption became stable when the ligand concentration
(10 ppm) was double the concentration of the metal. This
showed that the ligand-to-metal ratio is 2:1, as shown
in Scheme 3. Additionally, the melting points and IR
spectral observations support the structure proposed for
the metal complexes, which was similar to the reported
one [37]. This step was repeated for each metal and
with every ligand. Figs. 1 and 2 are examples of the
determination of the copper metal ratio in both ligands
used.
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Fig. 1. Determination the of Cu ratio to (C2H5)2NCS2Na ligand.Conce ntraon  of  Li gand  in  ppm
Fig. 2. Determination of Cu ratio to (C6H5)2 NCS2Na ligand.
2.8.  Removal  of heavy  metals  from  aquatic  solution
The metal solutions of appropriate concentrations
were prepared by diluting the reference solution to
1000 ppm. The pH was determined using a pH meter
and was adjusted using drops of 1 M perchloric acid
(HClO4) or 1 M NaOH [38]. A total of 20 mL of metal
solution at the required concentration was placed in a
polyethylene container, and the ligand was added in a
2:1 (ligand:metal) ratio. After precipitation, the precipi-
tate was filtered and analysed using an atomic absorption
spectrophotometer. Each sample analysis was repeated
in triplicate, and the arithmetic mean was calculated to
confirm the results.
A blank sample was prepared for each metal solu-
tion in the absence of ligand and at the same pH to
confirm the initial concentration. Afterwards, the aver-
age removals of the selected metals from their solutions
were studied by observing the decrease in concentration
measurements using an atomic absorption spectropho-
tometer. The samples were agitated properly before the
measurement process to ensure the homogeneity of the
contents.
The same steps were repeated by adding activated car-
bon and taking into consideration the time factor in this
case. Complexation formation occurred in the first case,
while in the case of activated carbon, the adsorption pro-
cess depended on the factor of time (in which efficiency is
directly proportional to time). For this reason, we main-
tained equal time periods for both processes in this study.
We also prepared a blank sample for each metal com-
posed of the metal with the specific concentration and the
aromatic dithiocarbamate ligand of a previously known
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ercentage at an acidity value that would result in the
ighest removal efficiency for each metal. Then, we com-
ared the quantity of the metal removed in this case with
he quantity removed when using an aromatic dithiocar-
amate ligand. It was found that the difference in both
emoval cases was 0.003 ppm, which indicated that the
ime period is very similar in both processes. This will
ield a better score in the comparison of performance
fficiency.
.  Results  and  discussion
The experimental observation details pertaining to the
R spectra are in agreement with the reported results
n the literature [36,37,39]. Additionally, the IR spec-
ral observations support the proposed metal complex
tructure (Scheme 3), which was similar to that reported
37]. The ligands were bidentate in all of the metal com-
lexes, and the bidentate nature was observed in the
60–1010 cm−1 region [36]. The main IR spectral peak
ositions of the dithiocarbamate complexes showed a
hioureide band (C N) in the range of 1460–1550 cm−1
nd a C S band in the range of 950–1040 cm−1,
emonstrating the presence of a dithiocarbamate moiety
36,39].
.1.  Dependency  of  metal  removal  efﬁciency  on
igand type
The process of removing each metal from its solu-
ion (i.e., 5 ppm) using the two dithiocarbamate ligands
aliphatic and aromatic) was studied using a ligand-
o-metal ratio of 2:1 at five pH values of 3, 5.3,
.3, 8.5, and 11. The results shown in Tables 2–4
ndicated that both ligands, diethyldithiocarbamate and
iphenyldithiocarbamate, have varying efficiencies in
emoving the selected metals. Additionally, the pH value
f the medium plays an important role in the removing
fficiency for each metal, as reported in similar stud-
es [40,41]. The literature showed that dithiocarbamate
ompounds are unstable at pH values less than 4 [42].
he results showed a removal efficiency change upon
hanging the pH for the same ligand with each metal.lex formation (M = Cu, Cd, Pb, Zn).
The final comparison between the results showed that
the aromatic ligand (i.e., diphenyldithiocarbamate) has a
higher removal efficiency compared to the aliphatic one.
This is because it is more stable with a high bonding
capacity for heavy metals [43].
The results indicated that the lowest removal effi-
ciency of the aliphatic ligand was 46% with Pb at a pH
value of 5.30, while the removal efficiency of the aro-
matic ligand for the same metal at the same pH was 81%.
Observations have indicated that the highest removal
efficiency for both ligands and for all metals was at the
same pH value. For lead and zinc, the pH value was 11,
and for copper, the pH value was 8.50. However, for cad-
mium, there was an exception, as the removal efficiency
of the aliphatic ligand was highest at a pH value of 5.30
and the removal efficiency of the aromatic ligand was
highest at a pH value of 7.30. This finding supports the
idea that the removal efficiency primarily depends on the
type of the ligand used [44] because the diphenyldithio-
carbamate ligand contains an aromatic system that makes
it more stable compared to the aliphatic ligand, which
lacks this system. The aromatic system has a   elec-
tron system, which has empty antibonding orbitals that
may accept electrons and reduce the electronic charge
concentrated on the metal. This may have an effect on
the stability of the complex formed as a whole. This
phenomenon is known as metal–ligand charge transfer
(MLCT) [45].
3.2.  Comparison  of  metal  removal  efﬁciency  by
dithiocarbamate  ligands  and  activated  carbon
Considering the observations obtained in this study,
we found that time is an important factor in metal
removal efficiency when using activated carbon. This is
because this method depends on the principle of adsorp-
tion, which is directly proportional to time. Therefore,
we found that the metal removal efficiency of the aro-
matic dithiocarbamate ligand is more effective at all
experiment pH values for all studied metals (Table 5).
This is because the complex formation process is a chem-
ical reaction that occurs in a very short time, making this
method that takes the factor of time into account the best.
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Table 2
Metal removal efficiency of diethyldithiocarbamate.
Metal Initial concentration (ppm) Remaining concentration in
aqueous solution (ppm)
pH Removal efficiency (%)
Cd 4.00
4.00 3.00 0.00
0.531 5.30 86.72
1.372 7.30 65.70
Pb 5.00
0.559 3.00 88.82
2.703 5.30 45.94
2.441 7.30 51.18
Zn 5.00
1.240 3.00 75.20
2.493 5.30 50.14
1.477 7.30 70.46
0.100 3.00 98.00
Cu 5.00 0.229 
0.079 
Despite its simplicity, the preparation of these lig-
ands may be considered expensive from an economic
point of view, as it requires the consumption of chemical
materials. However, an advantage of this ligand that may
reduce the preparation cost is the recovery possibility,
where it can be used more than once in the purification
process. This can be achieved by treating the complexes
formed in the presence of an acid with a polar solvent
such as water and an organic extract (toluene or xylene
or benzene). The organic phase can then be evaporated
to recover the ligand [43].
Table 3
Metal removal efficiency of dibenzyldithiocarbamate.
Metal Initial concentration
(ppm)
Remaining concent
aqueous solution (p
CD 4
0.591 
0.491 
0.481 
0.502 
0.508 
Pb 5
0.554 
0.928 
0.652 
0.588 
0.330 
Zn 5
0.572 
0.868 
0.231 
0.296 
0.212 
Cu 5
0.098 
0.200 
0.070 
0.001 
0.345 5.30 95.42
7.30 98.42
There is another problem associated with using this
type of ligand in purification, which is the possibility of
water contamination. It was shown that ligands contain-
ing fewer than four carbon atoms exhibit phytotoxicity.
This can be overcome by using ligands that have more
than five carbon atoms.
In general, it was noted that the efficiency of metal
removal by activated carbon is increased by increasing
the pH value. Thus, for the purification of water using
activated carbon with high efficiency, we have to sharply
increase the pH, which may cause water toxicity. In
ration in
pm)
pH Removal efficiency (%)
3.00 85.22
5.30 87.72
7.30 87.97
8.50 87.45
11.00 87.30
3.00 88.90
5.30 81.44
7.30 86.96
8.50 88.24
11.00 93.40
3.00 88.56
5.30 82.64
7.30 95.38
8.50 94.08
11.00 95.76
3.00 98.04
5.30 96.00
7.30 98.60
8.50 99.98
11.00 93.10
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Table 4
Metal removal efficiency using activated carbon.
Metal Initial concentration (ppm) Remaining concentration in
aqueous solution (ppm)
pH Removal efficiency (%)
Cd 4.00
3.347 3.00 16.32
3.644 5.30 8.90
2.495 7.30 37.62
Pb 5.00
2.883 3.00 42.34
2.387 5.30 52.26
1.768 7.30 64.64
Zn 5.00
3.761 3.00 24.78
4.105 5.30 17.90
3.702 7.30 25.96
Cu 5.00
2.866 3.00 42.68
1.381 5.30 72.38
0.124 7.30 97.52
0.167 8.50 96.66
0.542 11.00 89.16
Table 5
Comparison of metal removing efficiency by dithiocarbamate ligands and activated carbon at temp. 26 ◦C and for 5 min time period.
Metal (concn., ppm) pH Aliphatic ligand
efficiency (%)
Aromatic ligand
efficiency (%)
Activated carbon
efficiency (%)
Cd (4 ppm)
3.00 0.00 85.22 16.38
5.30 86.72 87.72 8.90
7.30 65.70 87.97 37.62
8.50 86.02 87.45 48.40
11.00 86.35 87.30 50.14
Pb (5 ppm)
3.00 88.82 88.92 42.34
5.30 49.94 81.44 52.26
7.30 51.18 86.96 64.64
8.50 75.60 88.24 89.80
11.00 94.86 93.40 61.44
Zn (5 ppm)
3.00 75.20 88.56 24.78
5.30 50.14 82.64 17.90
7.30 70.46 95.38 25.96
8.50 67.46 94.08 41.36
11.00 95.52 95.76 74.30
Cu (5 ppm)
3.00 98.00 98.04 42.68
5.30 95.42 96.00 72.38
7.30 98.42 98.60 97.52
8.50 96.68 99.98 96.66
c
b
i
4
l11.00 91.50 
ontrast, using dithiocarbamate ligands has proven to
e efficient in removing the studied metals in this exper-
ment at pH ranges near that of ordinary water..  Conclusion
This study showed that the diphenyldithiocarbamate
igand was more effective in removing the studied heavy93.10 89.16
metal ions from aqueous solution compared to the
aliphatic analogue at the same pH value. This is because
the diphenyldithiocarbamate ligand is more stable with
a high bonding capacity for heavy metals. Our obser-
vations showed that the heavy metal removal efficiency
depends on the type of ligand used. Compared to the
efficiency of activated carbon, diphenyldithiocarbamate
was more efficient in removing the studied metals at
f Taiba
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all experimental pH values when the factor of time was
taken into account. Therefore, diphenyldithiocarbamate
was effective in removing the selected heavy metal ions
from aqueous solutions, providing a potential approach
for the treatment of polluted water containing multiple
heavy metal ions.
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